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Absract OP phyla were created in the domain bacteria,
based on the group of 16S rRNA gene sequences recov-
ered from the Obsidian Pool. However, due to the lack
of cultured representative it is referred to as candidate
phyla. Wider ecological occurrence was predicted for the
OP phyla, especially OP3, OP10 and OPI11. Recently,
members of phylum OP5 and OP10 were cultured, pro-
viding clues to their cultivation prospects. At last the bio-
prospecting potentials of the OP members are discussed
herein.

Keywords Candidate OP group phyla - Uncultivated -
Obsidian pool

Introduction

Nearly a decade ago, some novel 16S rRNA gene sequences
were recovered from the Obsidian pool, a hot spring
(75-95°C) located in Yellow Stone National Park (Fig. 1),
richin iron, sulfide, carbon dioxide and hydrogen, supporting
a unique ecosystem dominated by lithotrophic communities
[1, 2]. Those sequences could not be assigned to any other
phylum known at that time, thus, novel OP group phyla were
created [1]. Based on the variability of the sequences
recovered, 12 OP phyla were initially created [1]. However,
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currently only seven phyla are validated (OP 1, 3, 5, 8,9, 10
and 11). In this letter, the importance of Candidate phyla,
ecological occurrence of OP phyla, recent cultivation efforts
to underpin the OP10 and OP5 phylotypes and possible
biotechnological applications are emphasized.

Radiance of Bacterial Phyla

The enormous diversity of bacteria in nature was revealed
through the community sampling of ribosomal RNA genes
(16s rRNA). It is believed that at least 100 phyla of bacteria
are probably in existence. Among these, bacteria belonging
to at least 40 phyla are well identified [3], among these
validly identified phyla, only about 25 have cultured rep-
resentatives (Fig. 2). The remaining phyla are referred to as
Candidate, denoting phyla without cultured representatives,
assigned by directly obtained gene sequences (16S rRNA
sequences), at present they number 39 [4]. Thus candidate
status indicates their unconfirmed position as a valid phy-
lum due to the absence of cultured representatives. How-
ever, their members are abundant and widely distributed in
soil ecosystems and ecologically they may play key roles in
soil processes [5]. Candidatus nature is observed even
among bacterial groups occurring in defined phyla includ-
ing the dominant soil dwelling Acidobacteria [6] and
Planctomycetes accommodating the anaerobic ammonium
oxidizers (ANAMMOX) an important player in the nitrogen
cycle [7]. The promise of being able to study the genome
without cultivation led to the emergence of metagenomics
as a popular, cultivation independent approach to bacterial
community studies. Paradoxically, completed genomes
posed a concern due to genomic micro heterogeneity and
high species diversity within samples. Ultimately, a situa-
tion has arisen where 40% or more of the proteins in any
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Fig. 1 Obsidian Pool, The Yellow Stone National Park (Courtesy:
Bob Lindstrom, NPS)

genome cannot be assigned a function [8]. Even though
cultivation independent efforts are empirical to ascertain the
presence or detection of bacterial phyla, culturing is
essential in understanding the basic features of a bacterium
like its physiology, gene expression and function (Trans-
criptomics and Proteomics) under different ecological
conditions and to conduct various biotechnological studies
thereafter.

Ecological Occurrence of OP Phyla and Their
Cultivation
After the initial discovery from the Obisidian Pool of

Yellowstone National Park, they were subsequently detec-
ted in other niches. Members of these phyla were found

Fig. 2 Phylogenetic

distributed in different extremophilic environments like
geothermal and mineral rich soils, [9] deep subsurface [10]
aquifers [11, 12] and hydrothermal vents [13]. Recently,
they were also observed in certain environmental niches,
including mesophilic lake water [14] and flooded paddy
soils [4]. Yet, several members of the OP phyla remain
uncultured in nature till date, more than 700 valid sequences
have been deposited in the rRNA public database (SILVA
rRNA database project) [15].

Based on the 16S rRNA sequences recovered, a diverse
habitat was identified for the members of OP3 phylum.
They are found in many anoxic environments including
marine sediments, hypersaline deep sea, fresh water lakes,
aquifiers, cave seepage waters, flooded paddy environ-
ments and methanogenic reactors.

In a significant study, the 16S rRNA sequences of
OP10 phylum maintained in the data base (NCBI) were
critically analyzed and it was found that more than 357
different sequences clustering in the OP10 phylum were
wrongly deposited in other phylum [16]. The study also
pointed out that OP10 is an important bacterial phylum
and it could constitute an average of 5% among the total
bacterial sequences recovered in environments like arable
soils, hyper saline soils, geothermal springs, lake and
river environments, bioreactors and endolithic environ-
ments. Among OP phyla, a wider geographical distribu-
tion was noticed in OP11, as it is found in anaerobic
niches [12, 13]. Analysis of rarefaction curves constructed
from the OP11 sequences revealed that species richness in
OP11 is not significantly different from that of f-Prote-
obacteria [17], however, till date they were not repre-
sented in culture.
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Fig. 3 Phase-contrast (a) and transmission electron (b—h) images of C. exile. Negatively stained cells are shown in b and c¢. Ultra-thin sections of
the cells are shown in d-h. The cellular membrane and outer envelope are indicated by open and solid arrows, respectively (d) [19]

Recently, a few strains belonging to the members of
OP5 and OP10 have been cultured [9, 14, 18]. Interest-
ingly, their culturing conditions give us clues to the suc-
cessful isolation of other members belonging to OP series.
Members of OP phyla are ovoid rod (OP10) to filamentous
(OP5) in shape, litho or chemo organotrophs and represent
either aerobic or anaerobic form of metabolism.

A member of OP5 phylum has been isolated from hot
springs of Japan. It is a Gram negative, filamentous (Fig. 3)
chemoheterotrophic and anaerobic bacteria. It has been
named as Caldisericum exile and its taxonomic position
was validly published [9, 19].

In another study, members belonging to OP10 phylum
were successfully isolated from the geothermally heated
soils of Taupo volcanic zone, New Zealand. These isolates
(P488 and T49) are thermophilic in nature, and grow only
in the mineral medium. They are aerobes and able to utilize
complex polysaccharides like gellan, xanthan and car-
boxymethylcellulose [18]. The success behind their culti-
vation was mainly attributed to maintenance of low pH
medium and the use of gellan as gelling agent as an
alternate to agar. Recently, another member of this phylum
was cultured from the rhizoplanes of the aquatic plant,
Phagmites australis (reed), commonly grown in the mes-
ophilic fresh water lakes of Japan using low nutrient
medium [14]. Both New Zealand and Japanese OP10
strains are chemoheterotrophic and aerobic however, the
mesophilic strain isolated from Japan can be easily dif-
ferentiated from those recovered from geothermal soils of

@ Springer

New Zealand based on the temperature, pH range of
growth, complex polysaccharide utilization and differences
in certain biochemical features. Polyphasic taxonomic
analysis placed the Japanese strain into a novel genera and
it was validly published as Armatimonas rosea. Besides,
the candidate OP10 phylum was renamed as phylum
Armatimonadetes [14].

Bioprospecting Potentials

Based on the habitat diversity of OP phylum series, it can
be hypothesized that it is a highly widespread and eco-
logically diverse phyla. Further, cultivation studies could
pave the way to understanding the genetic, metabolic and
species diversity in these phyla. The isolates obtained till
date may throw more light on the cultivation aspects of OP
phyla in the future, further phylum level identity could be
better resolved for various OP phyla. The available evi-
dence envisages their putative role in biogeochemical
cycling, which is unexplored at present [12]. Interestingly,
sequences of OP phyla have been recovered from high or
low temperature environments including hydrocarbon and
chlorinated solvent contaminated aquifers [11]. Therefore,
bioprospecting potentials in the areas of extremophilic
enzymes development and intrinsic bioremediation
approaches could be explored on cultivation of those OP
members or identifying the functional genes associated
with their survival in those environments.



Indian J Microbiol (Oct-Dec 2010) 50(4):474-477

477

References

10.

11.

. Hugenholtz P, Pitulle C, Hershberger KL, Pace NR (1998) Novel

division level bacterial diversity in a Yellowstone hot spring.
J Bacteriol 180:366-376

. Hugenholtz P, Goebel BM, Pace NR (1998) Impact of culture-

independent studies on the emerging phylogenetic view of bac-
terial diversity. J Bacteriol 180:4765-4774

. Ley RE, Harris JK, Wilcox J, Spear JR, Miller SR, Bebout BM,

Maresca JA, Bryant DA, Sogin ML, Pace NR (2006) Unexpected
diversity and complexity of the Guerrero Negro hypersaline
microbial mat. Appl Environ Microbiol 72:3685-3695

. Glockner J, Kube M, Shrestha PM, Weber M, Glockner FO,

Reinhardt R, Liesack W (2010) Phylogenetic diversity and me-
tagenomics of candidate division OP3. Environ Microbiol
12:1218-1229

. Van Elsas JD, Torsvik V, Hartmann A, @vreas L, Jansson JK

(2007) The bacteria and archaea in soil. In: Van Elsas JD, Jansson
JK, Trevors JT (eds) Modern soil microbiology, 2nd edn. Taylor
and Francis, London, pp 84-102

. Dedysh SN, Pankratov TA, Belova SE, Kulichevskaya IS, Lie-

sack W (2006) Phylogenetic analysis and in situ identification of
bacteria community composition in an acidic Sphagnum peat bog.
Appl Environ Microbiol 72:2110-2117

. Kuenen GJ (2008) Anammox bacteria: from discovery to appli-

cation. Nat Rev Microbiol 6:320-326

. Nichols D (2007) Cultivation gives context to the microbial

ecologist. FEMS Microbiol Ecol 60:351-357

. Mori K, Sunamura M, Yanagawa K, Ishibashi J, Miyoshi Y, lino

T, Suzuki K, Urabe T (2008) First cultivation and ecological
investigation of a bacterium affiliated with the candidate phylum
OP5 from hot springs. Appl Environ Microbiol 74:6223-6229
Rastogi G, Osman S, Kukkadapu R, Engelhard M, Vaishampayan
PA, Andersen GL, Sani RK (2010) Microbial and mineralogical
characterizations of soils collected from the deep biosphere of the
former Homestake gold mine, South Dakota. Microb Ecol
60:539-550

Dojka MA, Hugenholtz P, Haack SK, Pace NR (1998) Microbial
diversity in a hydrocarbon- and chlorinated-solvent contaminated
aquifer undergoing intrinsic bioremediation. Appl Environ
Microbiol 64:3869-3877

12.

13.

14.

15.

16.

17.

18.

19.

Harris JK, Kelley ST, Pace NR (2004) New perspective on
uncultured bacterial phylogenetic division OP11. Appl Environ
Microbiol 70:845-849

Stott MB, Saito JA, Crowe MA, Dunfield PF, Hou S, Nakasone E,
Daughney CJ, Smirnova AV, Mountain BW, Takai K, Alam M
(2008) Culture-independent characterization of a novel microbial
community at a hydrothermal vent at Brothers volcano, Kerma-
dec arc, New Zealand. J Geophys Res 113:B08S06

Tamaki H, Tanaka Y, Matsuzawa H, Muramatsu M, Meng XY,
Hanada S, Mori K, Kamagata Y (2011) Armatimonas rosea gen.
nov., sp. nov., a Gram-negative, aerobic, chemoheterotrophic
bacterium of a novel bacterial phylum, Armatimonadetes phyl.
nov., formally called the candidate phylum OP10. Int J Syst Evol
Microbiol. doi:10.1099/ijs.0.025643-0

Pruesse E, Quast C, Knittel K, Fuchs BM, Ludwig W, Peplies J,
Glockner FO (2007) SILVA: a comprehensive online resource for
quality checked and aligned ribosomal RNA sequence data
compatible with ARB. Nucleic Acids Res 35:7188-7196
Portillo MC, Gonzalez JM (2009) Members of the Candidate
Division OP10 are spread in a variety of environments. World J
Microbiol Biotechnol 25:347-353

Schloss PD, Handelsman J (2004) Status of the microbial census.
Microbiol Mol Biol Rev 68:686—691

Stott MB, Crowe MA, Mountain BW, Smirnova AV, Hou S,
Alam M, Dunfield PF (2008) Isolation of novel bacteria,
including a candidate division, from geothermal soils in New
Zealand. Environ Microbiol 10:2030-2041

Mori K, Yamaguchi K, Sakiyama Y, Urabe T, Suzuki K (2009)
Caldisericum exile gen. nov., sp. nov., an anaerobic, thermo-
philic, filamentous bacterium of a novel bacterial phylum, Cal-
diserica phyl. nov., originally called the candidate phylum OP5,
and description of Caldisericaceae fam. nov., Caldisericales ord.
nov. and Caldisericia classis nov. Int J Syst Evol Microbiol
59:2894-2898

@ Springer


http://dx.doi.org/10.1099/ijs.0.025643-0

	Candidate OP Phyla: Importance, Ecology and Cultivation Prospects
	Absract
	Introduction
	Radiance of Bacterial Phyla
	Ecological Occurrence of OP Phyla and Their Cultivation
	Bioprospecting Potentials
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


